Aim: To investigate differences in vaccination coverage between Roma and otherwise comparable non-Roma children, including factors associated with the vaccination gap, health care access and discrimination faced by Roma. Methods: We analyse data from the Roma Regional Survey 2011 implemented in twelve countries of Central and South-East Europe. Our sample comprises 8,233 children aged up to 6 with 7,072 Roma children and 1,161 non-Roma children. Estimates of the Roma vaccination gap are estimated using Logit regressions. Results: We find that the Roma children have a lower probability of being vaccinated compared to non-Roma (odds ratio = 0.325). The odds of being vaccinated for a Roma child is 33.9% that of a nonRoma child for DPT, 34.4% for Polio, 38.6% for MMR and 45.7% for BCG. These differences do not appear to be explained entirely by their worse socio-economic status. The ethnic gap narrows by about 50% once individual characteristics are controlled for, with odds ratios of 0.548 for DPT, 0.559 for Polio, 0.598 for MMR and 0.704 for BCG. The probability of being vaccinated increases with access to health care, especially when Roma have a doctor to approach when needed. Conclusions: Our findings point out a large difference in vaccination coverage between Roma and non-Roma and support the need for better understanding of factors influencing vaccination among Roma as well as policies that might improve services for Roma in Central and South-East Europe.
Introduction
The Roma are the largest, poorest and youngest ethnic minority group in Europe (estimated to number 10-12 million), most living in Central and South-East Europe 1 . Their origins are in Northern
India, in what is now the Punjab, from where they moved westwards around 1000 AD. They have long been subject to persecution; many were kept as slaves in parts of what is now Romania until the nineteenth century and large numbers perished in the Holocaust 1 2 .
Despite living in Europe for at least 700 years, many remain on the margins of society, physically, in distinct settlements, administratively, being denied citizenship and identity documents, and socially, for example with children educated separately. They suffer multiple disadvantages, with lower education, unemployment and worse living conditions 2 3 4 . Despite receiving unprecedented attention in the process of European Union enlargement from both the media and policy makers, research on health of Roma is still very limited, and in particular for children [5] [6] [7] [8] . Roma experience lower life expectancy and higher rates of several communicable and non-communicable diseases than the majority population 7 8 . The reasons are complex and include widespread discrimination in employment, education and access to health care.
Concerns about the multiple disadvantages faced by Roma led to the implementation of the Decade of Roma Inclusion, which brought together national governments, international agencies and civil society and operated between 2005 and 2015 3 . Together, the participants invested in areas such as housing, education, social welfare, and health. However, as signified by the sub-title of the final report, "a lost decade", it achieved much less than had been promised 9 . Most progress was made in education, in particular tackling the segregation of Roma children but, as the evaluation noted, the initiative was unable to overcome the powerful impact of racism and discrimination.
This paper explores one of many issues affecting Roma, immunisation against common childhood diseases. Several outbreaks of measles among Roma have been linked to low levels of immunisation 10 12 and this has assumed a wider importance as Europe moves towards eradication of measles.
Moreover, because of their disadvantage and corresponding risk of micronutrient deficiency, Roma children may be at particular risk of complications if they contract diseases such as measles 1 4 . Yet there is little research on the factors associated with immunisation among Roma, in part because of a lack of appropriate data in this hard to reach population 1 . What research does exist focuses on one or a few districts in a single country, often with a very small number of observations 14 15 and authors have repeatedly noted the importance of achieving a better understanding of this issue [16] [17] [18] .
We investigate differences in child vaccination coverage between Roma and non-Roma living in proximity to them, seeking to understand determinants of the vaccination gap, including access to health care and discrimination faced by Roma. To the best of our knowledge, our study is the first to report comparative data from several countries to understand the scale of the unmet need for (Table 1 ).
[Insert Table 1] Questions dealing with vaccination coverage are in the second module of the Roma Regional Survey about early childhood education and care. As they concern family members being 6 years old and younger, we exclude individuals older than 6 from our sample. Overall, our sample comprises 8,233 children up to 6 years of age which are the units of observation (7, We use data on asset ownership to construct a proxy for household cumulative economic status.
Specifically, we aggregate a set of asset ownership indicators into one asset index using a principal component analysis 22 . The items included in the index were radio receiver, colour TV, bicycle or motorbike, car/van for private use, horse, computer, internet connection, mobile phone or landline, washing machine, bed for each household member including infants, thirty and more books except school books, and power generator. The principal component technique is implemented on the whole sample of Roma and non-Roma individuals. By construction, the average of the asset index is set to zero (the standard deviation of 1.84). Higher values for the asset index correspond to higher long-run socioeconomic status.
To examine determinants of vaccination coverage further, we accounted for the role of health care access and discrimination. To do so, we used the following three questions: 1/ "does your household have a doctor to approach when needed?"; 2/ "do you feel safe in regard to health protection -do you have the confidence that you will receive service in case you need it?"; and 3/ "were there any instances in the past 12 months when your household could not afford purchasing medicines prescribed to, needed for a member of your household?". We also included in our regressions variables from a specific section about general discrimination and rights awareness. Discrimination is defined as being treated less favourably than others because of a specific personal feature such as age, gender or minority background. We rely on answers to the following question: "during the last five years, have you ever been discriminated against by people working in public or private health services? That could be anyone, such as receptionist, nurse or doctor." The reason for the discrimination is specified: it can be either discrimination on the basis of ethnic background or discrimination because of other reasons.
Results

Sample characteristics
Characteristics of the samples are reported in Table 2 . The proportion of girls among Roma children and non-Roma is similar (around 0.50). Roma children are slightly younger on average and the proportion of Roma children with a birth certificate is slightly lower (-1.2 percentage points). Several characteristics of the primary carers also differ. Roma carers are on average younger (almost 2 years), they belong to larger households (6.2 persons compared to 4.8 for non-Roma), they are less educated (the proportion with a level upper / post-secondary education is 52.2 points lower for Roma) and they are less likely to have a paid activity or be self-employed (-18.1 points).
Unsurprisingly, the average score for the asset index is much lower for Roma (-0.311) than for nonRoma (1.896). Roma are more likely to live in a village or unregulated area.
[Insert [Insert Figure 1 ] Table 3 shows the gap between Roma and non-Roma in vaccination by type of vaccines. When pooling all countries, we find significant differences between Roma and non-Roma (p<0.01). The [Insert Table 3] There are also substantial differences between countries. When considering the probability of having 
Associations with being vaccinated
We investigate the associations with vaccination coverage in Table 4 using Logit regressions. We pool both Roma and non-Roma samples of children and introduce in our regressions a dummy variable which is equal to one when the respondent is of Roma ethnicity (and zero otherwise). Without covariates (panel A), we find that the marginal effect associated with Roma status is negative and significant (p<0.01) for all types of vaccine. They correspond in fact as the gap obtained by mean comparison tests reported in Table 3 [Insert Table 4 Vaccination, health care access and discrimination
In Table 5 , we introduce additional covariates related to access to health care and to discrimination.
These additional controls do not affect the marginal effect obtained for the Roma dummy in the various regressions. We find that vaccination is more likely when respondents report they have a doctor to approach when needed (the odds ratios are 2.006 for any vaccination, 2.085 for DPT and 1.760 for MMR) or when they feel safe regarding health protection (the odds ratio is 1.414 for Polio and 1.274 for BCG). The inability to purchase medicines prescribed has no influence, except for BCG (p<0.01) and Polio vaccines (p<0.1). We also find a negative correlation between discrimination because of ethnicity and the probability of having received any vaccination and for DPT vaccine (p<0.05 in both cases). The coefficients are also negative for BCG, Polio and MMR vaccines, but not significant.
[Insert Table 5 ]
Discussion
In this paper we compare patterns of vaccination of Roma with those of an otherwise comparable sample of the majority population in twelve countries of Central and South-East Europe. We examine four different vaccinations for children less than 6 years of age -the BCG vaccine against tuberculosis, IPV against polio, DPT against diphtheria, tetanus and pertussis and MMR against measles, mumps and rubella. All these diseases can be prevented by inexpensive vaccines, making immunization a public health priority for the region. The strengths of this study lie in the use of a large study sample across multiple countries providing new comparative empirical evidence on Roma vaccination coverage.
Our findings show that Roma children are less likely, on average, to have received any vaccination compared to non-Roma (with substantial heterogeneity among countries). The Roma origin remains statistically significant once family characteristics and countries are controlled for in the Logit regressions. The probability that a Roma child will be vaccinated is about 55%-60% that of a nonRoma child for DPT, Polio and MMR.
This study adds to the broader literature on the determinants of health and health seeking behaviour, and specifically the importance of race versus class. This literature has been especially prominent in the USA, with Wilson, in the late 1970s, arguing that social class was displacing race as the leading determinant of the life chances of African Americans 23 , although this view is heavily contested 24 25 . This literature has given rise to the concept of intersectionality 26 , especially in gender studies where scholars have examined the interaction between gender, race and class among other factors. This approach is beginning to be used in Roma studies 27 -29 , although so far to a very limited extent in relation to health.
The importance of an intersectionality approach is that it shows that differences in vaccination coverage cannot simply be explained by the worse socio-economic situation of Roma. First, the comparison with non-Roma population comprises those living in close proximity to Roma settlements and not the general population. This means that our data presumably underestimate the overall gap between the Roma and non-Roma population in each country. Second, the ethnic gap remains substantial even when accounting for a wealth index which is a relevant proxy for measuring long-term socioeconomic status 22 .
We also find a positive correlation between the probability that a child received any vaccination and access to health care as reported by Roma, especially in relation to having a doctor to approach when needed and feeling safe regarding health protection. This is consistent with a large body of work showing physical, economic, and discriminatory barriers to obtaining care experienced by Roma in many countries 5 .
For unvaccinated children, there is one additional question indicating why children did not receive vaccination. For those who have no vaccine at all, the main reason reported by the caregiver is the unawareness of need for any immunization (21.5%). This motive is much more frequent among Roma (21.9%) than among non-Roma (13.3%). The proportions of other motives (without any indications) or unknown answers are also substantial (13.3% and 14.4%, respectively). Among Roma, 9.2% could not afford or did not want to pay fee for immunization. These findings are consistent with other research on access to care by Roma, both quantitative 20 and qualitative 30 . It should also be noted that, unlike in some minority populations, we are unaware of any significant rejection of immunisation on cultural or religious grounds.
Limitations
Some factors that might be expected to influence vaccination patterns are missing in the Roma
Regional survey. For instance, we did not include household income in our regressions and relied instead on an asset index which is subject to less measurement error. In addition, the Regional Roma Survey was not representative of all Roma in the twelve countries under investigation (from 78% to 90% of the entire Roma population) 31 . Dealing with discrimination was also challenging. From an individual perspective, the perception of discrimination is a sensitive topic. In addition, feeling discriminated against is subjective and may be subject to justification bias. This would occur if Roma respondents report being discriminated in order to justify their decision not to vaccinate their children. At the same time, according to the EU-MIDIS report on discrimination, much discrimination against Roma seems to be unreported 32 .
Concerning the measurement of vaccination, we have focused on the probability of receiving each type of vaccination without paying attention to the number of doses. In doing so, we may underestimate the gap between Roma and non-Roma if the former group is less likely to adhere to recommended schedules. For instance, adherence to MMR involves a 2-dose schedule. For this type of vaccine, we found a odds ratio of 0.386 without accounting for number of doses. With a definition of MMR as receipt of two-doses and using number of times as proxy of doses, the Roma gap is lower but remains nonetheless negative (the odds ratio is 0.727) and statistically significant (p<0.01).
Among those who have been vaccinated, Roma children received a smaller number of doses for polio (1.68 against 1.76) and DPT (1.76 against 1.87).
The final limitation is that we consider all children below 7 years whatever their age when calculating the vaccination coverage. This implies that our sample may include young infants who are not eligible for the various vaccines. At the same time, we control for child's age in our regressions which is indeed positively correlated with vaccination coverage. While we focus on differences in vaccination coverage in this paper, it would be very interesting to study the detailed timing of vaccines received by Roma and non-Roma children, respectively.
Conclusion
This study is the first to provide comparative evidence on vaccination between Roma and non-Roma children in a large number of countries. Our findings support the need to understand better the factors that influence vaccination among Roma and may ultimately contribute to improved health policies for Roma children, including measures that specifically address the factors that lead to low coverage of vaccination in this population. Our paper illustrates the complexity of the problems that Roma face. Access to vaccination cannot be discussed in isolation from other problems that Roma experience, such as poor access to health care services more broadly, low level of education, socioeconomic disadvantage, and discrimination. Note: the proportion of children having received any vaccination is 10.5 lower for Roma compared to non-Roma in Albania. The Roma gap is obtained using mean-comparison tests. Significance levels are p<0.01 (***), p<0.05 (**) and p<0.1 (*). Note: standard errors (not reported) are clustered at the household level (5115 clusters). Significance levels are p<0.01 (***), p<0.05 (**) and p<0.1 (*). Each model includes the set of individual and household characteristics included in Table 4 .
